Introduction
Because the nitrate anion is an important environmental and human health analyte, its detection and quantification are considered to be essential. Nitrates can occur in significant concentrations in water, particularly in agricultural areas, and produce toxic or fatal methaemoglobinaemia in infants after conversion to nitrite. 1, 2 Consequently, the levels of nitrate build up in freshwater ecosystems, which can lead to algal blooms and eutrophication. 3 Most of the recent work concerning nitrate determination has embraced the classical reagents. Several reported spectrophotometric methods involve the use of common reactions, such as a reduction reaction followed by diazotization, 4,5 nitration reactions, 6, 7 or others. 8, 9 Other methods involve the use of ion chromatography 10 and specific ion electrodes. 11 The well-known spectrophotometric methods for the determination of nitrate are based on the nitration of phenolic compounds, 12,13 chromotrophic acids, 14 2,4-xylenol, 15 ,16 2,6-xylenol, 17 3,4-xylenol, 18, 19 phenoldisulfonic acid, 20 brucine 21, 22 and phenol. 23 Some sensitive spectrophotometric methods for determining nitrate utilize extractable ion associates of the nitrate ion with basic dyes, like crystal violet 24 and nile blue. 25 Several authors have used flow-injection techniques. 26, 27 The most widely used methods for the determination of nitrate ion in water are phenoldisulfonic acid and the brucine procedures. The phenoldisulfonic acid method is time consuming because a relatively large volume of sample must be carefully evaporated, and the reaction is not sensitive enough to be applicable for low levels of nitrate. The brucine method can be used to determine nitrate if nitrite is absent; otherwise, nitrate is determined by difference. Furthermore, the method involves heating, which is more time consuming.
It was the purpose of this work to introduce for the first time 3-hydroxytyramine (dopamine) as a new substrate with 3-methyl-2-benzothiazolinone hydrazone hydrochloride (MBTH) as a coupling agent for the determination of nitrate in various water samples. This method is more sensitive and selective than some recently reported methods. The proposed method offers the advantages of simplicity, good sensitivity and stability without extraction or heating and reliability due to reproducibility. Dopamine and MBTH are colorless reagents, are highly soluble in water, and are available commercially.
This reagent system gives relatively rapid color reaction for the determination of NO3-N in various samples. The chemical structure of dopamine and MBTH is illustrated in Fig. 1 .
Experimental

Reagents and chemicals
All of the chemicals used were of analytical reagent grade, and double-distilled water was used throughout the experiments.
For a standard nitrate solution, 0.722 g of dried potassium nitrate (BDH) was dissolved in distilled water and diluted to 11. This solution contained 100 µg ml -1 NO3-N; suitable solutions of lower concentration were prepared by serial dilution of this standard stock solution for preparing a calibration graph.
A dopamine-MBTH mixed solution.
A dopamine-MBTH mixed solution was prepared by dissolving 0.5 g of dopamine and 0.5 g of MBTH in distilled water and made up to 100 ml. This solution was stable for one month if refrigerated and protected from light. A light-pink color that developed did not affect the analysis. A 14.4 M sulfuric acid.
14.4 M sulfuric acid (BDH) was prepared by adding 500 ml of concentrated sulfuric acid to 125 ml of distilled water; it was cooled before using and was kept in a tightly stoppered bottle to prevent the absorption of moisture.
Apparatus
A JASCO Model UVIDEC-610 spectrophotometer with a 1.0 cm glass cell was used for electronic measurements.
Procedure
A calibration graph was constructed by transferring with a micro burette 1.0 ml each of standard NO3-N solutions containing between 0.4 to 10 µg of NO3-N (the volume of the test solution was restricted to 1 ml) into a 10 ml standard flask, to which 5 ml of 14.4 sulfuric acid and 3 ml of a dopamine-MBTH mixed solution were added; the mixture was allowed 15 min to complete the reaction. The contents were diluted to the mark and the absorbance was measured at 530 nm, where the pink color was stable for about 48 h.
Sample preparation
A sample taken for the determination of nitrate was collected in a glass or polyethylene bottle and stored below 5˚C prior to an analysis in order to prevent any possible reduction of nitrate to nitrite by microorganisms. Polluted water samples were collected from industrial effluents (after secondary treatment) from different sources. Polluted water samples were first filtered through Whatman No. 41 filter paper. Then, 1 ml of the sample solution was analyzed by the above procedure. For the analysis of a rainwater sample, 10 ml of rainwater was pipetted into a two-necked round-bottom flask, and water was evaporated nearly to 1 ml dryness on a hot plate.
Results and Discussion
Spectral studies
Under the conditions of preliminary investigations of the proposed procedure, the pink-colored product showed a maximum absorbance at 530 nm and the molar absorptivity was found to be 1.073 × 10 4 l mol -1 cm -1 . The absorption of the reagent blank was found to be negligible, which is shown in Fig. 2 .
Effect of reagent concentrations
Better results were obtained by using 14.4 M sulfuric acid. In a total volume of 10 ml, the volume of the sulfuric acid of the above composition needed for maximum color development was in the range of 4 -6 ml. Hence, 5 ml of sulfuric acid was fixed as a reaction medium. At a higher acid concentration the color intensity decreased. Other mineral acids were tested and found to be unsatisfactory. The effect of a dopamine-MBTH mixed solution was studied by varying the volume of the mixed solution. Over a range of 2 -4 ml was necessary to achieve the maximum color intensity. Therefore, the use of 3 ml of a mixed solution was selected for further studies.
Effects of time, temperature and color stability
Under the optimized condition, although the color developed instantaneously, 15 min was sufficient to obtain the maximum and constant absorbance. The colored product was stable for 48 h. The absorbance value varied by not more than 2% over a period of seven days and its color development was independent of the temperature in the range of 20 -70˚C.
Calibration
The color system was found to obey Beer's law in the range of 0.04 -1.0 µg ml -1 of NO3-N. The molar absorptivity and Sandell's sensitivity were found to be 1.073 × 10 4 l mol -1 cm -1 and 0.0013 µg cm -2 , respectively. The standard deviation and the relative standard deviation of the absorbances were found to be 0.01 and 0.203% for 0.5 µg ml -1 NO3-N, respectively.
Effect of foreign ions
The interference from foreign ions commonly present in natural water was studied by adding known amounts of foreign species to a solution containing 0.5 µg ml -1 NO3-N by this method, which is shown in Table 1 . The tolerance limits given in Table 1 are the concentrations of foreign species that caused a ±3% absorbance error. Metal ions, such as iron(III), copper, cadmium, barium and calcium, interfered seriously. These metal interferences could be easily overcome by adding 1 ml of 1 M sodium hydroxide to the water sample, and centrifugating the solution to remove any precipitated hydroxide prior to analysis. However, interference up to 40 µg ml -1 of calcium, 4 µg ml -1 of copper, cadmium and iron(III) could be eliminated by a 5% EDTA solution.
Application
The proposed method was used to determine NO3-N in tap water, river water, lake water, rainwater and polluted water samples collected from different sources. This method can be directly applied to the analysis of water without any recourse to evaporation or precipitation steps. However, appreciable amounts of suspended impurities should be removed by centrifugation or filtration. Samples of river water were taken upstream and downstream from a source of industrial effluent in wide-mouthed plastic vessels and stored below 5˚C prior to analysis. The samples were analyzed by the proposed and reported method, and the results are in good agreement, which are given in Table 2 . 
